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Description 
[Technical RekJ] 

5 The present Invention relates to an azeotropic mixture of 1.1<Jifluoroethane (which is, hereinafter, also referred to 

as "HFC152a") and hydrogen fluoride (which is, hereinafter, also referred to as "HF") and a production process of 
HFCl52a comprising a step of recovering, from a mixture comprising HFC152a and HF, one component of HFC152a 
and HF which is substantially free from the other component of HFC152a and HF. 

10 [Background of the Invention] 

HFC152a has been noteworthy as a substitute for l-chtoro-l.l-difluoromethane and it is useful as. for example, a 
forming agent. 

HFC152a is generally produced by reacting a chlorinated carbon such as vinyl chloride with HF in the presence of 
15 a catalyst in a vapor or liquid phase. During this reaction process. HF which has not been reacted remains in a reaction 
product 

As a manner to separate HF from the reaction product, a process has been hitherto used in which a mixture com- 
prising a reaction product such as HFC152a and unreacted feed materials such as HF is washed with an aqueous phase 
to remove HF. However, such process requires a large amount of an aJkali which is to be used for neutralization of the 
20 washing aqueous phase, and a waste from the neutralization has to be treated. Thus, such a process is not so useful. 
It Is. therefore, desirable to provide a production process of HFC152a comprising a step wherein HF which does 
not contain HFC152a or HFC152a which does not contain HF is more effectively recovered from a mixture comprising 
HFandHFC152a. 

25 [Disclosure of the Invention] 

The inventors have made extensive studies on a separation process of HF from a mixture comprising at least HF 
and HFCl52a and found that HFC152a and HF forms a minimum azeotropic mixture and that the above problem is 
solved by utilizing the azeotropic mixture. 

30 In the first asp^. the present invention, therefore, provides an azeotropic mixture consisting essentially of HFC 1 52a 
and HF This azeotropic mixture can be used as a reflux stream for a distillation operation which separates HF or HFC152a 
from a mixture comprising HFC152a and HR That Is, by subjecting the mixture comprising HFC152a and HF to the 
distillation operation, distilling off such an azeotropic mixture from a top of a distillation column as a distillate and returning 
a portion of the distillate to the distillation column. HF or HFCl 52a is effectively separated and removed from the mixture 

35 so that HFC152a which does not contain HF or HF which does not contain HFCl 52a can be recovered as a bottom 
product. 

As described atK>ve. there is formed a (minimum) azeotropic mixture In a two component system of HFCl 52a and 

HF. Such an azeotropic mixture has been firstly found by the present inventors. 

The above finding is based on observations that when a mixture of HFC152a and HF is subjected to a distillation 
40 operation under, for example, an atmospheric pressure. HFC1 52a cannot be further concentrated above an HFC 1 52a/HF 

molar ratio of about 88/1 2. In other words, a composition of a liquid phase in such a state is the same as that of a vapor 

phase which is equilibrium with the liquid phase. 

This azeotropic mixture has a boiling point of -45 *»C at a pressure of 0.5 kg/cm2-abs. and a composition of the 

mixture is about 15 mol % of HF and about 85 mol % of HFC152a. The azeotropic mixture has an azeotropic boiling 
45 point of -28 **C at an atmospheric pressure and an azeotropic composition of the mixture is about 12 mol % of HF and 

about 88 mol % of HFCl 52a. The azeotropic mixture has an azeotropic boiling point of about 45 ""C at a pressure of 1 0 

kg/cm2-abs. and an azeotropic composition of the mixture is about 10 mol % of HF and about 90 mol % of HFCl 52a. 

The azeotropic mixture has an azeotropic boiling point of about 90 **C at a pressure of 30 kg/cm2-abs. and an azeotropic 

conrposltion of the mixture is about 8 mol % of HF and about 92 mol % of HFC152a. Under a pressure In a range of 0.5 
50 kg/cm2-abs. to 30 kg/cm2-abs., the azeotropic composition depends on the pressure and it resides in an HF range of 

about 15 to 8 mol % and an HFCl52a range of about 85 to 92 mo! % and the azeotropic temperature is in the range of 

-45 to 90 •C. 

In the second aspect, the present invention provides a process for the production of HFCl 52a which comprises a 
step of removing a mixture of HFCl 52a and HF from a column top as an azeotropic mixture by directly subjecting a 
55 mixture comprising at least HF and HFC152a to a distillation operation so tiiat HFC152a which does not substantially 
contain HF or a mixture comprising HFC152a which mixture does not substantially contain HF. or HF which does not 
substantially contain HFCl 52a or a mixture comprising HF which mixture does not substantially contain HFCl 52a is 
recovered from a column bottom. 
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!n a particularly preferred embodiment according to the present invention, a mixture of HF and HFC152a is directly 
subject«J to the distillation operation and HFCl52a and HF is distilled off from the column top as the azeotropic mixture 
so that HFC 1 52a which does not substantially contain HF or HF which does not substantially contain HFC152a is recov- 
ered from the column bottom. 

5 

[Brief Description of the Drawing] 

Rg. 1 shows a flow sheet of one embodiment of a process for the production of 1.1-difluoroethane in which the 
process according to the present invention is adopted. 
10 In tiie drawing, the reference number 1 denotes a reaction vessel. 2 does a partial condenser. 3 does a distillation 
apparatus, 4 does a reflux stream, 5 does a distillate st-eam, 6 does a bottom product stream, 7 does a starting raw 
material stream. 8 does an azeotropic mixture product stream and 9 does a hydrogen chloride stream. 

[Detailed Description of the Invention] 

IS 

Since it has been found tiiat HFC152a and HF form tiie azeotropic mixture. HFC152a which does not substantially 
contain HF can be effectively obtained from the column bottom by subjecting a starting mixture of HFC152a and HF to 
the distillation operation, distilling off the azeotropic mixture of HFC152a and HF from the column top and returning a 
portion the azeotropic mixture to the column top as a reflux stream in case in which a ratio of HF to HFC152a in the 

20 starting mixture is smaller than tiiat in the azeoti'opic mixture of HFCl52a and HF. 

To the contrary, in case in which a ratio of HF to HFC1 52a in tine starting mixture is larger tiian that in tiie azeotropic 
mixture of HFC152a and HF, HF which does not substantially contain HFC152a can be effectively obtained from tiie 
column bottom by. again, subjecting the starting mixture of HFCl52a and HF to the distillation operation, distilling off 
tiie azeoti-opic mixture of HFC152a and HF from tiie column top and returning a portion tiie azeotropic mixture to the 

25 column top as the reflux stream. 

Even In case in which the starting mixture further contains other component(s) in addition to HFC152a and HF, the 
process according to the present invention can be candied out. In such case, the distillation apparatus may be operated, 
depending on a relationship between a boiling point(s) of otiier component(s) and the azeotropic boiling point, in such 
a manner that other component(s) is concentrated in an enriching section or in a stripping section of tiie distillation 

30 apparatus. That is. in case in which the azeotropic boiling point is lower than the boiling point(s) of other component(s), 
the distillation apparatus can be operated in such a manner that other component(s) is concentrated in the stripping 
section, and thus contained and recovered in the bottom product. To the conti'ary. in case in which the azeotropic boiling 
point is higher tiian the boiling point(s) of other component(s), the distillation apparatus can be operated in such a manner 
that other coniponent(s) is concentrated in the enriching section, and thus contained and recovered in the distillate 

35 product. 

The distillation apparatus used for tiie above separation operation may be of any type provided that it has functions 
which are necessary for a general distillation operation. For example, a fractionation apparatus comprising for example 
a plate column, a packed column and the like may be used to obtain particularly prefenred results. Either of a batch 
distillation operation or a continuous distillation operation may be possible. 

40 Distillation conditions are not particularly limited. Generally, from a view point of energy consumption, an optimum 
column top temperature and an optimum column bottom temperature and an optimum operation pressure of the distil- 
lation apparatus are determined. Usually, the operation pressure is selected from a range of 0.5 kg/cm^-abs. to 30 
kg/cm2-abs. In such pressure range, tiie column top temperature is in a range of about -45 to 90 •C. The column 
bottom temperature is a boiling point of HF or HFC152a under tiie operation pressure provided tiiat no pressure loss is 

45 taken into account. 

The process according to the present invention is the most useful when it is adopted in the case in which HF is 
recovered from a reaction mixture comprising HFC152a and a large amount of unreacted HF which mixture has been 
produced through a fluorination reaction of vinyl chloride with a highly excessive amount of HF in the presence of a 
catalyst in a vapor phase and the recovered HF is reused for the reaction. 
so A preferred emkxxJiment will be, hereinafter, explained in which the process according to the present invention is 
utilized for tiie reaction as described just above. 

Fig. 1 shows a flow sheet of one embodiment of a production process of HFC152a in which HF is recovered by 
using the production process of HFC152a according to the present invention which process comprises the recovery 
step of HF. 

55 In a reaction vessel 1 , vinyl chloride and HF supplied as a stream 7 react, and a reaction product mixture is witiidrawn 
usually as a vapor phase from the reaction vessel 1. The produced reaction mixture comprises HFC 152a. 1-chloro-1- 
fluoroetiiane (which is. hereinafter, also referred to as "HCFC151a"). vinyl chloride, HF and hydrogen chloride. After 
hydrogen chloride is removed from the mixture in a partial condenser 2 as a stream 9, the mixture comprising HFC1 52a, 
HCFG151a. vinyl chloride and HF is introduced into a distillation apparatus 3. 
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In the mixture of which hydrogen chloride content has been removed, HF is present in large excess of HF in the 
azeotropic composition (for example, 80 to 90 mol % of HF and about 10 to 20 mol % of HFC152a). Therefore, HF and 
HFC152a of the azeotropic composition are distilled off from the top of the distillation apparatus 3 (stream 5) and a 
portion thereof is returned to the top of the distillation apparatus 3 as a reflux (stream 4). 

5 By the distillation operation as above, a mixture comprising HF, HCFCl 51a and vinyl chloride which mixture does 

not substantially contain HFC152a is withdrawn as a bottom product (stream 6) from the distillation apparatus 3. 

The obtained bottom product (stream 6) is further subjected to an additional treatment(s) (for example, additional 
distillation, extraction and the like) so as to remove Impurities therein or directiy mixed with the reaction starting raw 
materials (vinyl chloride and hydrogen fluoride, stream 7) which are freshly supplied, and tiien reused in the reaction 

10 vessel 1. 

A rest of the azeotropic mixture which has been deducted by an amount of the reflux is obtained as a stream 8 of 
HF and HFCl52a having the azeoti^opic composition, which stream is further treated so as to finally obtain HFC152a 
(by, for exannple, additional distillation, HF absorption and the like). 

In tills way, HF can be effectively recovered from the mixture comprising HFC152a and HF 
IS The above operation may be carried out batch-wise, but it is more effective to carry out continuously as shown in 
Rg. 1. 

[Examples] 

20 The present invention will be, hereinafter, explained in detail with reference to Examples. 
Example 1 

132 Grams (2 mol) of HFC152a and 1 g (0.05 mol) of HF were charged into a distillation column made of stainless 
25 steel (a packed column having a still volume of 600 ml, a diameter of 20 mm and a height of 1 m), and the distillation 
operation was initiated at a total reflux condition under a superatmospheric pressure. When a top pressure of the column 
reached 10 kg/cm^-abs. and also a top temperature reached 45 ''C, a sample of the liquid distillate was obtained. The 
sample was analyzed with the result that a molar ratio of HFC152a/HF was 90/10. 

From the above analysis results, it has been clarified that HF having a boiling point which is higher thatn that of 
30 HFC1 52a (HFC1 52a's boiling point at an atmospheric pressure - 24.7 < HPs boiling point at an atmospheric pressure 
19.5 •€) is concentrated in the top section of tiie column and tiiat HFC152a and HF tiius forms the mininnum azeotropic 
mixture. 

Further, similar experiments were carried out witii changing the operation pressure and different azeotropic com- 
positions were obtained, of which results are shown in Table 1 below: 

35 

Table 1 


Top Pressure (kg/cnt^-abs.) 

Top Temperature (*C) 

HFC152a/HF Azeotropic Conposition (mol %) 

3 

0 

89/11 

8.5 

40 

89.5/10.5 

10 

45 

90/10 

30 

90 

92/8 


45 


Example 2 

so 198 Grams (3 mol) of HFC152a and 1 g (0.05 mol) of HF were charged into the same distillation apparatus as in 
Example 1 and the apparatus was operated and stabilized witii a total reflux condition at a top temperature of 45 ""C 
under a top pressure of 1 0 kg/cm2-abs. After the operation was stabilized, the liquid distillate was witiidrawn littie by little 
from the top of tine column and then the top temperature increased gradually. When tiie top temperature reached a 
temperature which was the same as the still (bottom) temperature, heating was stopped. An amount of the liquid with- 

55 drawn from the column top was about 50 g. and about 130 g of HFCI 52a was withdrawn from the still which contained 
about 30 ppm of HF. 
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165 Grams (2.5 md) of HFC152a and 200 g (10 mol) of HF were charged in the same distillation apparatus as in 
Example 1 and the apparatus was operated and stabilized with a total reflux condition at a top temperature of 45 
5 under a top pressure of 1 0 kg/cm2-abs. After the operation was stabilized, the liquid distillate was withdrawn little by little 
from the top of the column and then the top temperature increased gradually. When the top temperature reached a 
temperature which was the same as the still temperature, heating was stopped. An amount of the liquid withdrawn from 
the column top was about 205 g. and about 150 g of HFC152a was withdrawn from the still which contained about 50 
ppm of HF. 

10 

Claims 

1 . An azeotropic mixture consisting essentially of 1 ,1 -difluoroethane and hydrogen fluoride. 

15 2. The azeotropic mixture according to claim 1 wherein under a pressure in a range of 0.5 kg/cm2-abs. to 30 kg/cm2- 
abs.. it has a hydrogen fluoride/1.1 -difluoroethane molar ratio in a range of 15/85 to 9/92 mol % and a boiling point 
in a range of -45 to 90 "^C. 

3. A process for the production of 1 , 1 -difluoroethane comprising a step of recovering hydrogen fluoride wherein the 
20 step is characterized in that an azeotropic mixture of 1,1 -difluoroethane and hydrogen fluoride is distilled off by 

subjecting a mixture comprising at least 1,1 -difluoroethane and hydrogen fluoride to a distillation operation, so that 
a bottom product comprising hydrogen fluoride is withdrawn which product does not contain 1 ,1 -difluoroethane. 

4. The process for the production of 1 ,1 -difluoroethane according to claim 3 wherein an operation pressure of the 
25 distillation operation of the mixture is in a range of 0.5 kg/cm^-abs. to 30 I^cm2-abs. 

5. A process for the production of 1 .1 -difluoroethane comprising a step of recovering 1 .1 -difluoroethane wherein the 
step is characterized in that an azeotropic mixture of 1.1 -difluoroethane and hydrogen fluoride is distilled off by 
subjecting a mixture comprising at least 1 , 1 -difluoroethane and hydrogen fluoride to a distillation operation, so that 

30 a bottom product comprising 1 . 1 -difluoroethane is withdrawn which product does not contain hydrogen fluoride. 

6. The process for the production of 1,1 -difluoroethane according to claim 5 wherein an operation pressure of the 
distillation operation of the mixture is in a range of 0.5 kg/cm2-at)S. to 30 kg/cm2-abs. 

35 
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